INTRODUCTION
For decades, the performance of the agricultural sector in Africa south of the Sahara (SSA) has been described as always lagging behind other developing regions (Kherallah et al. 2002; World Bank 2007) . Although the sector has experienced periods of booms and busts, the boom periods have rarely been long enough to signify an important shift or take-off. Therefore, when the sector shows signs of a prolonged growth episode (no matter how modest), as in the most recent decade, we must ask whether the sector is undergoing a real economic take-off or just another temporary boom period due to higher global commodity prices. The evidence of improved performance is indeed striking when compared with the past. For the first time, the agriculture sector has maintained a real growth rate of 3.4 percent per year, well above a population growth rate of about 2.5 percent (Table 1 .1). Meanwhile, nominal growth rates have exceeded 10 percent, a growth rate last seen in the 1970s. Similarly, overall economic growth, as measured by annual changes in the gross domestic product (GDP), has been high at 5.2 percent per year. To understand whether this prolonged period of growth in African agriculture is a sign of a real economic take-off, we need to know a little more about what has been driving it. An earlier examination of overall agricultural productivity growth by Nin Pratt and Yu (2008) concluded that much of the growth after the 1990s is best explained as a recovery or catch-up from past historical levels. They point to the efficiency gains realized from a wide range of policy and institutional reforms introduced as part of the structural adjustment programs of the 1980s and 1990s. The study, however, captured the trends in agricultural performance only to 2006. Since then, much has changed. The world continues to experience a global commodity price boom that shows no sign of ending soon, domestic markets have also seen higher prices, and there is increased attention to targeting public-sector investments to agriculture. Clearly, a reexamination of the underlying drivers of the current growth phenomenon is needed. In other words, how much of this growth is riding on the current global commodity boom? What have policy changes and public investment contributed to growth? Is growth the result of increased investment or more land and labor incorporated to agricultural production, or has it been fueled by growth in productivity? Undoubtedly, all of these explanations are plausible considering the trends in all three factors: an improved policy environment, increased public-sector resource flows, and a sustained rise in commodity prices. We review all three here briefly.
To begin with, work done in recent years (for example, Alene 2010; Block 1995 Block , 2010 Fuglie and Rada 2011; Nin Pratt and Yu 2008) has helped to show how African agricultural performance improved in the aftermath of political, policy, and institutional reforms since the 1980s and 1990s, which reduced the heavy taxation on agriculture, increased the voices of civil society and farmers groups, and made governments more accountable. Figure 1 .1 best illustrates this shift by comparing an average index measure of the rate of relative assistance (RRA) to agriculture with agriculture performance. Negative values of the index reflect unfavorable policies for agriculture, while values greater than zero reflect policies that favor agriculture relative to other sectors. As the figure shows, the index exhibits a high correlation with changes in agriculture value added (net output after subtracting intermediate inputs) over time (about 0.8) . A simple regression of agriculture value added using RRA as independent variable results in a positive and significant coefficient for RRA (t-statistic = 8.62 and R 2 of 0.66). With regard to public resource flows, those from African governments increased after 2003 and those from donors increased after 2006, as evident in Figure 1 .2. This corresponds closely with the increasing trend of agricultural GDP after all values have been deflated to constant 2005 US dollars. The increase in government spending is likely to have had far greater effects than that of donors simply due to its much larger share of total public resources going into agriculture. However, this effect depends also on how efficiently the resources were ultimately allocated within agriculture. For many countries, for example, that has involved spending up to 70 percent on input subsidies for fertilizer (for example, Benin et al. 2011 for Ghana) . Although still below levels seen in the 1980s, donors have nevertheless similarly increased their spending in African agriculture. It is therefore quite conceivable that such increased spending in agriculture may have had a direct impact on the sector's performance. In addition to the increased support to agriculture, the period has also seen a trend of rising world commodity prices that has outlasted others in the past and shows no signs of falling at the present moment. Figure 1 .3 illustrates the steady rise in commodity prices from the early 2000s, even if we account for overall inflation. The world has experienced similar spikes before, particularly during the food and oil crises of the 1970s, but it has not sustained them for very long. Whereas countries that rely on primary commodity exports are benefiting from the global price boom, history shows that such a reliance on primary commodities can be a curse, as it produces booms and busts over the long run whenever world markets experience large price fluctuations. For example, after a spike in world prices for oil and non-oil commodities from 1973 to 1978, many African countries that initially benefited from the price rise were ill prepared to deal with rising debt costs in the 1980s after overborrowing during the boom years. This is not to say that the impact of primary commodity exports is all bad. On the contrary, as others have also pointed out (see Deaton 1999) , because SSA remains abundant in natural resources relative to labor, it still has a comparative advantage in exporting primary commodities. Therefore, a practical goal for many of the affected countries is to learn how to better manage the booms in ways that allow them to be more resilient when the price boom period ends. Based on these simple observations of underlying trends, we ask a critical question: has the growth in agriculture value added been principally riding on the current commodity price boom, or have underlying changes in productivity (from increased investments and an enabling policy environment) been sufficiently large to explain a big part of the growth. The answer probably lies somewhere in between and is very much an empirical one.
The objective of this paper, therefore, is to analyze the structure of overall agricultural sector growth and performance in the most recent decade relative to past experience. We accomplish this by using growth-accounting and parametric methods, as presented in the next section, followed by two sections that review the results of analysis and offer explanations before concluding. We hope that the results from our empirical analysis not only enrich the academic debate over the recent recovery of agriculture in Africa but, more important, also inform future strategies for sustaining the growth momentum. This is especially timely as policymakers and development partners in SSA are demanding information to help guide future investment strategies and policy reforms in order to ensure growth, poverty reduction, and food security.
METHODOLOGY
To determine the composition of agricultural growth and factors explaining SSA's performance over time, we adopt both a growth-accounting and a parametric approach as described in Kohli (2002 and 2004) to decompose value-added growth into the contribution of each of the major factors determining growth: total factor productivity (TFP) change; change in the endowments of land, labor, and capital; movement in the terms of trade; and change in domestic output prices. Most growth-accounting methods are derived from Solow's original analysis (Solow 1957) , but his approach appears inadequate for our purpose as it considers a single output, is not well suited to analyze open economies as it does not allow for imports and exports, and uses a restrictive Cobb-Douglas functional form. Kohli's (1991) method overcomes those constraints while allowing us to obtain parametric estimates of the growth decomposition into a secular and a shock component. As discussed in Kohli (2002) , both approaches have a strong theoretical foundation: the parametric method based on the GDP function approach to modeling the production sector of an open economy (Kohli 1978 and 1991; Woodland 1982) , whereas the nonparametric technique builds on work by Diewert and Morrison (1986) , who examined the welfare effects of technological change and terms-of-trade shifts.
As the name entails, the GDP function approach uses a GDP function that assumes profit maximization and perfect competition, expressed as
where is the production possibility set at time t; the vector ≡ � �, ∈ { , , } represents factor endowments of labor, capital, and land; the output quantity vector is ≡ [ ], ∈ { , , , } with output components including consumption goods C, investment goods I, exports X, and imports M treated as a negative output. The corresponding input and output price vectors are
The technology is assumed to be convex, exhibiting constant returns to scale and free disposals. Factor endowments are treated as fixed, and prices of imports and outputs are considered as given.
Using the GDP function (1) and following Fox and Kohli (1997) we define the indexes that measure the four causes of GDP growth: (i) technological change; (ii) terms-of-trade change; (iii) change in factor endowments; and (iv) change in domestic prices. The index measuring TFP change between t -1 and t is expressed as follows:
The index can be interpreted as the geometric mean of Laspeyres and Paasche productivity indexes respectively using t -1 and t prices and quantities as reference. Similarly, the index capturing the GDP effect of a change in the terms of trade between t -1 and t is defined as
where P N is the vector of domestic prices ≡ [ , , ]′. The contribution of factor j to GDP growth between t -1 and t is measured by the index
Finally, and in a similar fashion, the contribution to GDP growth of domestic prices between t -1 and t is captured by
Growth-Accounting Approach
For growth accounting, indexes (2) through (5) cannot be estimated directly as the GDP function (•) is generally unknown. However, the approach followed by Kohli (2002) uses results from Diewert and Morrison (1986) , who showed that as long as the GDP function has the translog form, an exact measure of indexes (2) through (5) can be derived from knowledge of the data alone. Table 2 .1 shows the equivalent definition of these indexes if we assume the translog functional form for the GDP function. (6) ,
One plus the rate of increase in nominal GDP (7) As shown by Kohli (1991) , in the translog case (6), (9), (10), (11), and (12) give a complete decomposition of nominal GDP growth:
GDP growth is the result of changes in TFP, terms of trade, endowments of labor, capital, and land, and domestic prices. The productivity and the terms-of-trade indexes are defined for given prices of nontraded goods, and for given factor endowments; they measure the change in GDP that is attributable to technological progress and to the change in the terms of trade exclusively. The product of these two terms makes up what Diewert and Morrison (1986) called the welfare change index (Kohli 2002) . The welfare change index times the factor indexes represent the change in real national income since domestic prices are still not included. Including price effects we get total GDP growth.
Parametric Approach
The parametric approach estimates a GDP function of the translog form, which, after omitting the time subscript, is expressed as
where
Assuming a perfectly competitive market, the output and input shares in GDP are
The different indexes expressing changes in the GDP components presented above are expressed in parameters from the translog estimation.
The productivity index:
The terms of trade GDP adjustment index:
The input quantity effects:
The nontraded good price effect:
The GDP decomposition using the parametric approach gives the potential or fitted value of GDP growth rather than the observed one, so the econometric equivalent to equation (13) in the accounting approach is as follows:
where all the terms on the right-hand side are calculated from the translog estimates as shown aboveequations (17) through (20). S t,t-1 is defined by Fox and Kohli (1997) as the secular component of technological change, and the unexplained is calculated using TFP t,t-1 from equation (6) as
As Fox and Kohli (1997) point out, this residual has been purged of trend shifts of the technology, so it can be considered as a measure of true productivity shocks.
RESULTS OF GROWTH DECOMPOSITION
In the decomposition of agricultural gross domestic product (AgGDP) growth for 22 countries in SSA between 1980 and 2010 (see Table A .1 for a list of the countries), we use the methodologies described earlier in section 2. AgGDP values at current US$ prices are from World Bank (2012). Export and import values from FAOSTAT in current US$ are used to determine the share of exports, imports, and domestic absorption (C + I + G) in total AgGDP. Export and import prices are indexes from FAOSTAT (2012), while AgGDP deflators are used as price indexes for each country. Factors used (capital stock, agricultural land, and labor) are also from FAOSTAT and are defined as follows:
• Capital stock in agriculture refers to a value that is attached to the total physical capital capacity available to produce agricultural goods in a particular year. These estimates were derived by the FAO Statistics Division using physical data on livestock, tractors, irrigated land, land under permanent crops, and so on, and the average prices for the year 1995. These data enabled the derivation of the capital stock in agriculture, which is the gross, and the annual change in the latter is taken to reflect investment in agriculture.
• Agricultural area includes (a) land under temporary agricultural crops, temporary meadows, and temporary fallow (less than five years); (b) permanent crops; and (c) permanent meadows and pastures.
• Economically active population in agriculture (agricultural labor force) is that part of the economically active population engaged in or seeking work in agriculture, hunting, fishing, or forestry. Referring to the equations described in section 2, the translog agricultural GDP function in equation (14) and the derived input and output share equations (15) and (16) were estimated as a system of simultaneous equations using three-stage least squares. The resulting coefficients are summarized in Table A .2 in the Appendix.
Results of the AgGDP growth decomposition for 22 SSA countries and three periods are presented in Table 3 .1. Results show that for the period analyzed, nominal AgGDP grew at an average annual rate of 3.7 percent. Between 1.3 and 1.7 percentage points of this growth is explained by increases in the use of land, labor, and capital; about 1.0 to 1.8 percentage points of total growth comes from TFP; terms of trade contribution was zero or negative; and the rest (0.6 to 1.4 percent) is explained by prices. To further analyze the results, we focus on the estimates obtained with the accounting approach. Table 3 .2 shows that the drivers of AgGDP growth are different for the three periods. During the 1980s, a period of slow growth and the start of economic policy changes, agricultural growth was driven by changes in domestic prices and increasing labor use. TFP growth of only 0.6 percent contributes with 26 percent of total AgGDP growth during that period. In 2001-2010, almost two-thirds of AgGDP's 9.7 percent growth rate is explained by growth in domestic prices (real prices plus dollar inflation). The most important real contribution to AgGDP growth comes from TFP, growing at 2.15 percent and explaining 22.2 percent of AgGDP growth. Factors of production contribute only 15 percent of total growth, a small amount compared with their contribution in 1981-1990 (close to 66 percent). b Growth in this period is negative, so, for instance, the contribution to negative growth of domestic price (which shows negative growth) is positive. AgGDP = agricultural gross domestic product; TFP = total factor productivity.
Results of the growth decomposition for the analyzed period reveal contrasting patterns of growth and shed some light on the drivers of growth in recent years. First, performance of agriculture production has been improving during the period as shown by average TFP growth rates, which have increased from 0.6 percent in the 1980s to 1.4 percent in the 1990s and 2.2 percent in recent years. The decomposition of TFP growth into a secular component and a shock component obtained from the econometric analysis helps us to see this evolution (Figure 3.1) . During the 1980s, agricultural TFP showed a low secular growth rate that was subject to large negative shocks. During the early 1990s, faster growth of secular TFP was still affected by large negative shocks. In recent years, TFP growth rates achieved their highest levels, whereas TFP shocks are smaller and fluctuate around zero values. One possible interpretation of these results is that changes in the economic environment have reduced the incidence of negative shocks in SSA's TFP growth while favoring an increase in the secular TFP growth. However, these results should be taken with caution as secular growth in TFP appears to be slowing down by the end of the period and observed trends cannot be projected to the future without a better understanding of the drivers of TFP growth.
A second aspect to notice from our results is that average growth in real terms (growth that does not come from price increases) is 3.5 percent for the last 10 years, 0.5 percent above real growth in 1991-2000 and well above growth in the 1980s when real AgGDP growth grew only at 1.25 percent. The difference in real growth between periods is the result of higher growth in TFP as factor growth was very similar for the three periods (1.5 percent approximately). The trends and growth patterns of the different factors explaining AgGDP growth in SSA are presented in Figure 3 .2.
The indexes in the figure represent the levels of TFP, factors of production, terms of trade, and price relative to their respective levels in 1994. The figure shows that growth in the use of land, labor, and capital has been constant and does not appear to have been affected by economic fluctuations during the period. Similarly, terms of trade for agriculture did not change significantly during the period and have been historically negative for SSA. This leaves us with TFP and domestic prices as the two main factors driving AgGDP growth. According to our results, SSA's improved performance started in 1994. Ethiopia, Ghana, Guinea, Kenya, Madagascar, Malawi, Mali, Mozambique, Namibia, Nigeria, Rwanda, Senegal, Sudan, Tanzania, Uganda, and Zambia. AgGDP = agricultural gross domestic product; SSA = Africa south of the Sahara; TFP = total factor productivity; TOT = terms of trade.
The better performance of agriculture in recent years has extended to almost all SSA countries, which is good news, but also evidence that the region has benefited from common regional (economic, political, and so on) and external factors that explain in part the observed growth. Table 3 .3 presents the decomposition of AgGDP growth for SSA countries sorted into three groups: top performers, bottom performers, and average performers. The major difference in performance between the top and bottom groups is, not surprisingly, prices and TFP. Higher prices explain about 45 percent of the difference in AgGDP growth between top and bottom performers, while TFP explains another 35 percent. Prices are even more important in explaining the AgGDP growth differential between the average and bottom groups. Prices explain about 80 percent of that differential while TFP explains the remaining 20 percent. Notes: AgGDP = agricultural gross domestic product; SSA = Africa south of the Sahara; TOT = terms of trade; TFP = total factor productivity. Table 3 .4 shows a different perspective on performance of agriculture by classifying countries according to growth in TFP and terms of trade, the welfare-enhancing components of GDP. There is a clear differentiation now between top performers and the rest. TFP growth is 4 percent on average in the top-performing group, 1.5 in the average group, and negative in the bottom group. Overall AgGDP growth is still highest in the top group (12.7 percent versus 8.5 percent and 8.8 percent in the other groups), but bottom performers now show the highest growth in prices. Notes: AgGDP = agricultural gross domestic product; TOT = terms of trade; TFP = total factor productivity; SSA = Africa south of the Sahara.
In sum, results from the growth decomposition analysis show bad and good news for SSA's agriculture. The bad news is that two-thirds of agricultural growth in recent years is the result of growth in domestic prices, which could be hiding very different situations in terms of performance based on TFP growth. Claims of a booming African agriculture based on the two-digit AgGDP growth rates shown by the region in the past 10 years are misleading, and more analysis is needed to get a better understanding of future prospects. The good news, on the other hand, is the evidence of recovery and sustained TFP growth in agriculture, as the figures for TFP growth show. There could certainly be measurement errors and problems with data quality that might question the actual levels of TFP growth rates obtained in the analysis. Our focus here is not to determine the absolute value of TFP growth rates but to shed light on the evolution of agriculture's performance in SSA. With these considerations, the conclusion obtained from our results is that there is a clear change in the region's agricultural performance. However, questions remain about the factors behind that productivity growth and its sustainability in the future. We discuss this in the next section.
EXPLAINING THE DRIVERS OF GROWTH
In previous sections we showed evidence of SSA agriculture's recovery after the lost years in the 1980s and 1990s. Other studies have shown evidence that this recovery is related at least in part to policy changes that reduced the burden previous policies had put on agriculture, but that is not the whole story, as different factors with very different implications for future growth could be driving agricultural TFP growth. The ideal situation, the one that could generate the best prospects for agriculture's future growth, would be one in which present TFP growth is mainly explained by technical change. In such a situation, we would observe adoption of new technologies along with one or more of the following: greater use of chemical inputs; increased yields; labor productivity. We expect such a process to be related also to increasing commercialization of agricultural production.
On the other hand, there may be other explanations for TFP growth that are not necessarily related to the process of technical change and the incorporation of new technologies. The other component of TFP growth apart from technical change is growth in technical efficiency. Growth driven by technical efficiency changes could result from producers increasing output using the same technology and resources they used in the past by better allocating and managing those resources in the production process. At the country level, efficiency gains could be the result of policy changes that, for instance, give incentives to producers to change resource allocation, increasing the area planted with some crops and reducing production of others, or changing the relative intensity in the use of inputs. This is plausible given the poor performance of SSA agriculture in the past. In what follows, we look at some of the evidence available to see which of the TFP growth stories is the most likely for SSA.
We first look at the evolution of variables that are related to technical change and adoption of new technologies, such as the use of fertilizer and growth in partial factor productivity measures like yield and labor productivity, and also to the evolution of public research and development (R&D) investment in SSA. We then focus on two major pieces of evidence for the alternative story of efficiency growth. The first piece of evidence is the importance of changes in the structure of production explaining output growth after policy reforms and changes in the importance of international and domestic markets for agricultural products. In other words, how much of total growth is explained by changes in land use and relative growth of different activities rather than by productivity growth within activities? For the second piece of evidence, we look at the correlation between growth performance during 1970-1983, the period before reforms, and growth performance in the recent period of high agricultural growth. A negative correlation between growth in recent years and growth in 1981-1995 would be evidence of catching up to production levels of the 1980s and 1990s. In other words, the worse a country performs in agricultural production before 1994, the better the country's performance should be in the 2000s.
Technical Change and TFP Growth

Investment in Agricultural R&D
Increasing the stock of knowledge is widely acknowledged as one strategy for enhancing productivity growth, and investment in R&D is the avenue through which to increase the stock of knowledge in agriculture. Weiser (2005) , who surveyed the literature on the impact of R&D investment on productivity, asserts that R&D has a large and significant impact on firm performance, although the estimated returns vary considerably, from an average of 29 percent, to a lower bound of 7 percent, and to an upper bound of 69 percent. Similar results were found for agriculture by Griliches (1992) , Mullen (2007) , Mullen and Cox (1995, 1996) , and Alston et al. (2000) . For instance, the meta-analysis of rates of return to agricultural R&D by Alston et al. (2000) shows that the returns from 1,886 estimates found in 292 studies averaged 100 percent per year for research, 85 percent for extension, 48 percent for studies that estimated the returns to research and extension jointly, and 81 percent for all the studies combined. The median rates were 48.0 percent for research, 62.9 percent for extension, 37.0 percent for joint research and extension, and 44.3 percent across all studies.
Given this evidence, the question is this: what happened with SSA's agricultural R&D investment in recent years? Is it possible to relate recent TFP growth to increased investment in agricultural R&D? We briefly discuss here the evidence on the two determinants of agricultural R&D on TFP growth: the R&D-output elasticity for SSA and the evolution of R&D investment in the region.
The first consideration to be made is that substantial lags exist between the time expenditures on R&D occur and the time they affect productivity. There is a vast literature on this issue, but we focus on evidence for SSA. Block (1995) finds that agricultural research expenditures, lagged by 10 years, were significant in explaining the recovery of African agricultural productivity during the 1980s. This result is consistent with a study by Alene (2010) , who finds that the maximum effect of agricultural R&D occurs with a lag of about 10 years.
With respect to R&D-output elasticities, Nin Pratt and Fan (2009) conducted a literature review looking for evidence of elasticity values for different developing regions and found only three studies estimating R&D elasticities for Africa. Lusigi and Thirtle (1997) estimated the elasticity of TFP growth with respect to R&D expenditure for 47 African countries for the period 1961-1991 and determined an elasticity value of 0.031. Thirtle, Hadley, and Townsend (1995) , working with data for 22 African countries for 1971-1986, estimated an elasticity of output with respect to R&D expenditures of 0.015.
More recently, Alene and Coulibaly (2009) estimated a much higher elasticity of productivity with respect to agricultural research (0.38) for the period 1980-2003 for 27 SSA countries. Block (2010) finds that econometric estimates of a production function that includes a 10-year lag of log agricultural R&D expenditures (net of input quality adjustments) results in a production elasticity of approximately 0.2 (P = 0.000), meaning that doubling the level of agricultural R&D expenditures at time t would boost agricultural output per worker by 20 percent at time t + 10.
Fuglie and Rada (2011) also find a significant relationship between R&D investment and agricultural TFP growth in SSA, although their estimates of research-to-TFP elasticities are lower than those in Block (2010) and Alene (2010) and more in line with those found in the literature of the 1990s. According to Fuglie and Rada, national agricultural research has a significant, direct effect on productivity and facilitates the uptake of new technologies emanating from the CGIAR centers. Through these two pathways, national agricultural research has an output elasticity of 0.039. About 90 percent of the effect of national R&D on production is a direct effect, and the remaining 10 percent is due to national research collaboration with CGIAR. Analyzing the impact of different policy indicators together with the effect of agricultural R&D investment, Yu and Nin Pratt (2011) obtained a nonsignificant impact of agricultural R&D investment on TFP, but a significant response of agricultural TFP to money supply, inflation, sectoral support, and trade openness. Finally, Nin Pratt (2011) obtains a significant TFP-R&D elasticity estimate of 0.014 for a sample of 19 countries for 1981-2010. Evidence shows that the highest values for agriculture R&D elasticities among developing regions are found in Asia and in particular in China with estimated values around 0.2, which appear to be the most robust estimates from the literature (Nin Pratt and Fan 2009). Based on this evidence we conclude that the most likely values for SSA's TFP-R&D elasticity are in the range of 0.015-0.040 as estimated in the literature of the 1990s and in some of the recent studies, as we expect this elasticity to be below Asian values. Assuming that the maximum effect of R&D investment is observed with a 10-year lag, and that the TFP-R&D elasticity falls in a range going from the most likely value of 0.03 to an optimistic maximum of 0.2, we look at the evolution of R&D in SSA in the past 20 years to see how it might have contributed to agricultural growth in recent years. Applying an output-R&D elasticity range for SSA going from 0.03 to 0.2 as discussed above, we calculate the expected range of agricultural growth in 2001-2010 due to R&D investment. The results are presented in Figure 4 .2 Given stagnated or even negative R&D expenditure growth during the first half of the 1990s, we do not expect a significant impact of R&D investment on agricultural growth in the first half of the 2000s. We expect R&D investment to have contributed less than 1 percentage point to total agricultural growth in the five-year period from 2000 to 2004. With the most likely output-R&D elasticity for SSA countries of 0.03, total agricultural growth resulting from R&D investment would be of only 1 percent for the whole period or of 0.11 percent annually. With the most overly optimistic elasticity of 0.2, total estimated growth between 2000 and 2010 is 6 percent or 0.6 percent annually.
A recent study by Beintema and Stads (2011) goes beyond the quantitative evidence we present here. They refer to the 1990s as a decade of stagnation for R&D investment in SSA, followed by a period of accelerated growth from 2001 to 2008 during which investment in public agricultural R&D averaged more than 20 percent growth. However, according to Beintema and Stads, that growth occurred only in a few countries mostly as the result of government commitments to augment low salary levels and to rehabilitate available infrastructure after years of underinvestment. Despite that growth in R&D investment, the average qualification level of research staff has continued to deteriorate (Beintema and Stads 2011) . Given this evidence and past trends in public agricultural R&D expenditure, and in particular given low and decreasing investment during most of the 1990s, we conclude that R&D investment could not have played a significant role in SSA's 2000-2010 TFP growth.
Fertilizer Use
It is well known that fertilizer use in SSA (for example, kilograms (kgs) of fertilizer per hectare (ha)) is the lowest in the world (see, for example, Lipton 2012) . Available data show that fertilizer use in the past 10 years is still very low and has been growing modestly, which makes it an unlikely candidate to explain increased growth in AgGDP and TFP. Fertilizer use in South Asia in the early 1960s was only 3 kgs/hectare compared with about 2 kgs/hectare in SSA. Although fertilizer use increased in the 1960s and 1970s in both regions, growth rates in South Asia were twice as high as those in SSA in the same period. Early Green Revolution growth rates of fertilizer use in South Asia were 20 percent per year and oscillated between 10 percent and 15 percent until the late 1980s. The use of fertilizer in SSA increased historically from 2 kgs per hectare in the early 1960s to about 11 kgs in 1980. It is likely that as a consequence of policy changes and the high costs of some of the fertilizer subsidy programs being implemented in some countries, the recovery of agriculture performance coincides with an actual reduction in the use of fertilizer. There seems to be an inflection point in the declining trend in recent years, although the countries in our sample are still below the levels of fertilizer per hectare used in the 1990s. Growth in fertilizer use per hectare between 1994 and 2005 is negative and close to zero. Average annual growth after 2005 for our sample of countries becomes a positive 1.6 percent. Figure 4 .4 compares the evolution of fertilizer use per hectare for countries grouped according to their performance in TFP growth. The pattern shown by the different countries is similar to that of the average of all countries with some particular characteristics that is worth noticing. The best performers are using the lowest fertilizer doses and also growing the least in the use of fertilizer. The bottom performers show the fastest growth in fertilizer use in recent years. We conclude that increased use of fertilizer does not appear to be the main suspect to explain improved performance of agriculture in SSA. 
Land and Labor Productivity
We expect low fertilizer use to be related to relatively low levels of output per hectare. Crop yields in SSA have remained at low levels, showing low growth and contributing little to overall output growth. Figure 4 .5 clearly shows that since 1985, output growth has been driven by increased crop area rather than by yields. It is only after the end of the 1990s that land productivity started contributing again to output growth, although growth rates of output per hectare are low (between 1 percent and 1.5 percent, If output per hectare has shown low levels and slow growth even during the recent period of fastgrowing agriculture, labor productivity has been even less dynamic. The evolution of the output-labor relationship shows that labor productivity in 2010 is only 19 percent higher than its level in 1970 (Figure 4 .6). Rural population growth in SSA is a big part of the explanation for this slow labor productivity growth, which was even negative during part of the 1980s. The distance between points reflects how fast productivity is growing, and the total length of the line is an indicator of total productivity growth, whereas rays from the origin represent constant ratios of labor-land productivity. We observe that before policy reforms in the 1980s and during the period of highest population growth, yields were driving growth (possibly due to higher labor intensity) while labor productivity decreased significantly. With policy changes in the 1980s and 1990s, labor productivity starts growing faster than yields, with the curve moving almost parallel to the x-axis until the early 1990s. During the period of accelerated growth of AgGDP (after 1994), labor and land productivity grow at about the same speed. By the end of the period there is a slowdown in growth (points are closer to each other) and a new change in direction with reduced labor productivity. This could just be the result of data errors but could also be a warning sign for future growth prospects.
We have shown so far that increased land use has been historically the major driver of agricultural growth in SSA. We also showed that aggregated output per hectare of harvested land has been increasing in the last 10 years although at modest rates (below 2 percent on average). We now focus on the 2000-2009 period to look at the contribution of different countries and crops to growth in output and output per hectare. To do this, we totally differentiate output growth into the contribution of each country as follows:
, where represents change in total crop output in SSA between periods t -1 and t, and are area and yield of country j respectively, and and are changes in area and output per hectare in country j between t -1 and t. Output growth decomposition by country is presented in Table 4 .2.
Similarly, we decompose total output growth within each country into the contribution of changes in yield and area of major crop groups:
, where represents change in total crop output in country j between periods t -1 and t, and are respectively area and yield of crop i in country j, and and are changes in area and yield of crop i between t -1 and t. Results of the decomposition are presented in Figure 4 .8.
We look first at Table 4 .2 showing that yield and area contributed almost equally to crop output growth between 2001 and 2010. Not surprisingly, seven large agriculture producers (Ethiopia, Ghana, Nigeria, Tanzania, Sudan, Angola, and Cameroon) explain almost 60 percent of total output growth, with Nigeria, Ethiopia, and Ghana explaining most of the growth in output per hectare. The decomposition of total output growth into the contribution of different crops in Figure 4 .8 shows that total increase in output per hectare results from relatively small increases of yields and areas of several groups of crops. No particular group of crops appears to be driving output growth in the region. Rwanda, Malawi, Ghana, Madagascar, Benin, Cameroon, Angola, and Sierra Leone are the countries with the highest contribution of land productivity to output growth. Five of these countries show a significant contribution of yields of roots and tubers in total output growth, while three countries show increased yields of fruits and vegetables meaningfully contributing to growth. Only two countries show a major contribution of cereal output per hectare to total output growth (Madagascar and Sierra Leone).
A detailed analysis of yield growth in different crops and countries goes beyond the scope of this study. For instance, yield growth in cereals in most West African countries appears to be driven by higher rice yields. This could be related to technological developments in this crop (for example, Nerica rice). The point here is not to neglect these positive outcomes but to look at their contribution to overall agricultural growth. What we find is that the impact of these changes on overall growth has been small.
We conclude that there is no evidence of technical change driving growth in SSA. Increases in land and labor productivity have been modest; yield growth in cereals is still low in almost all countries, and the use of fertilizer remains below its levels in the late 1980s. We explore now the evidence for improved efficiency in agricultural production. 
Evidence on Efficiency and Catching Up
To examine technical efficiency, we look at changes in resource allocation and in the structure and final destination of output. From that, we then test whether the gains in efficiency have been mostly about catching up to historical levels.
Changes in Resource Allocation and in the Structure of Output
We use here a measure of change in output composition between two periods used by Gutierrez de Pineres and Ferrantino (1997) among others. This measure is calculated as = ∑ � , , −1 �, where si,t is the share of commodity i in total output in period t. CSX takes values between 0 and 1. A value of 0 means that none of the products produced in t -1 is produced in t. On the other hand, a value of 1 means that exactly the same product composition is found in period t -1 and t. Whereas higher numbers of the index in Figure 4 .9 mean stability in terms of the output composition, the moving average of the index gives a better idea of the trend. The index shows that the composition of agricultural production in SSA tends to become more stable during periods of sustained growth (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . On the other hand, periods of economic crisis and policy changes result in increasing instability in output composition, leading to changes in the structure of production (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) . A possible interpretation of these results is that agriculture in SSA went through a period of adjustment in the late 1980s and early 1990s with changes in output composition that together with other changes in the economic environment faced by agricultural producers contributed to accelerate growth.
Changes in output structure during periods of crises do not necessarily mean permanent or substantial restructuring of production. Table 4 .3 shows that some changes occurred in the structure of output in SSA; however, it is difficult to establish the incidence of these changes in production efficiency. Considering the output structure observed in [1975] [1976] [1977] [1978] [1979] [1980] as that of agricultural production before structural adjustment programs and policy changes, the postcrisis output structure shows higher shares of staple crops (cereals and roots and tubers), which increased from 27 to 32 percent, and a reduction of the share of fruits. All other commodity groups show relatively stable shares in total output. 
Changes in the Final Destination of Output
One way performance of agriculture could be affected is through changes in trade policy and the macroeconomic environment affecting trade and competitiveness of exports in international markets and of domestic production with respect to imports. Figure 4 .10 shows the evolution of SSA's agriculture openness to trade and the export-to-import ratio of agricultural commodities. The figure shows a substantial change in the openness of agriculture in the early 1990s after years of decline. In two years the share of trade in AgGDP increased from 23 to 35 percent. The immediate effect of that trade shock was an increase in agricultural exports relative to imports. The trend reversed after 1996 when imports started growing faster than exports. At present, SSA is exporting a smaller share of total agricultural output than in 1980 but has increased imports significantly. Further analysis is needed, but the observed changes suggest a growing importance of domestic markets facing greater competition from imports. Some of the changes could have translated into increased production efficiency given the available technologies. 
Recovery and Catching Up to Historical Production Levels
To test whether SSA's agricultural growth in recent years has been more about catching up to historical production levels after significant productivity losses during the pre-reform years, we check for evidence on efficiency gains. To look at this issue we use a larger sample of countries and measure agriculture value added per capita of rural population. The evolution of AgGDP per capita during 1970-2010 in Performance by country in different periods is presented in Table 4 .4. We observe that the bad performance of the 1970s and 1980s was a regional phenomenon. The simple average of growth rates for 31 countries is negative and only 35 percent of those countries show positive growth rates. The situation changes only in the 2000s where we observe that 65 percent of the countries show positive growth rates. The 1985-2000 period appears to be a transition for the region, with half of the countries showing positive growth rates. We look now at the relation between growth in the 2000s and the poor performance of 1975-1985. To do that, we use the average growth rates presented in Table 4 .3 and we regress rates for the different periods after 1985 against average rates from 1975-1983. Results are presented in Table 4 .5 and Figure 4 .12. The only significant coefficient is the one for the regression using growth rates of 2000-2010 as dependent variable. The negative and significant coefficient means that countries showing the worst growth performance in 1975-1983 are the ones expected to grow faster in [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . No significant correlation was found between growth in 1975-1983 and growth in the periods that followed. The coefficients obtained for the two intermediate periods are positive but not significant. Clearly, efficiency gains have been quite high during the early postreform period, especially among countries that had experienced dramatic declines in productivity in the past, indicating that for most countries, much of the growth in TFP during this period could be a story of a recovery to historical productivity levels. 
SUMMARY CONCLUSION AND POLICY IMPLICATIONS
Results from our analysis show both bad and good news for the current and future prospects of African agricultural growth. The bad news is that two-thirds of the positive agricultural growth in recent years is explained by growth in domestic prices, which could be hiding very different situations in terms of performance based on productivity growth. Although claims of a booming African agriculture may be too strong a conclusion, therefore, the clear evidence of a recovery with sustained productivity growth in the most recent decade is no small achievement. This is irrespective of any potential measurement errors and problems with data quality, as our primary focus has been to shed light on the evolution and underlying patterns of agriculture's performance, and not to determine its absolute values. We conclude as in Nin Pratt and Yu (2008) that a changing policy environment and increased attention to agriculture in the postreform period has had a major effect on overall productivity growth based on technical efficiency gains. It took 15 years of transition with mixed results and a favorable international environment to see recovery and sustained agricultural growth in the region. Even after that long transition, we find that growth in recent years is still explained, at least in part, as a recovery from the crisis of the lost decade of [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] . Technical change, on the other hand, played only an insignificant role in explaining recent growth. Increases in land and labor productivity have been modest; yield growth in cereals is still low in almost all countries; and the use of fertilizer remains below its levels in the late 1980s. So although the recovery is good news, much more remains to be done to sustain future growth.
More important, however, we also conclude from our analysis that favorable domestic prices have indeed played an even bigger role than the positive changes we observed in overall productivity. Domestic markets have grown in importance and will play a critical role in affecting any prospects for overall sector growth in the future. Domestic demand for agricultural commodities is outpacing agricultural production and leading to a growing reliance on imports. At the same time, agricultural exports have not grown as fast as imports either. Presently, SSA is exporting a smaller share of total agricultural output than it did in 1980. A key challenge for African countries, therefore, is how well they can govern the current windfall gains from high commodity prices in global and domestic markets together with the one-time effect of policy changes.
Under these circumstances, countries need to promote productivity growth through technical change among those commodities for which domestic demand is rapidly increasing, such as food staples among both urban and rural consumers. Previous studies have shown that focusing on food staples will likely produce a win-win strategy by enabling the transformation of the agricultural sector and contributing to overall economic growth and food security among millions of smallholder producers and consumers. Similar efforts are needed to increase productivity of export commodities, which have been stagnant for decades, resulting in decreasing world market shares and growing agricultural trade deficits. This is even more important at a time when African governments and donors have already increased their commitments to revitalizing the sector and are now in the process of prioritizing specific investments and policy and institutional reforms in order to stimulate growth and economic transformation of the sector. 
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